Background: People living with human immunodeficiency virus infection and acquired immune deficiency syndrome (HIV/AIDS) (PLWH) are at an increased risk of cardiovascular disease. Diet-related factors may contribute. The aim of this pilot study was to determine, in PLWH, the relationship between atherosclerosis assessed by carotid intima-media thickness (CIMT) and (A) plasma antioxidant micronutrients and oxidative stress or (B) red blood cell polyunsaturated fatty acids (RBC PUFA), particularly long chain omega-3 polyunsaturated fatty acids (n-3 PUFA). Methods: (A) In a cross-sectional study, subjects had CIMT evaluated by high resolution carotid artery ultrasound. Plasma was collected for vitamin C, measured by spectrophotometry; and alphaand gamma-tocopherol, retinol, and malondialdehyde-a marker of oxidative stress-using high pressure liquid chromatography and fluorescence spectrophotometry. (B) In a prospective cohort study, other subjects had RBC PUFA measured at baseline, using gas chromatography, and CIMT assessed at baseline and repeated after 2 years. Clinical data was also collected. Results: (A) 91 PLWH participated. Only alpha-and gamma-tocopherol levels were positively correlated with CIMT. In a multivariate analysis, age and systolic blood pressure were significantly associated with CIMT with gamma-tocopherol near significance (p = 0.053). (B) 69 PLWH participated. At baseline, docosahexaenoic acid (n-3 PUFA) and the ratio of docosahexaenoic acid to arachidonic acid (n-6 PUFA) were significantly and negatively correlated with CIMT. However, a multivariate analysis failed to detect a significant relationship either at baseline or 2 years after. Conclusion: In addition to age and systolic blood pressure, atherosclerosis assessed by CIMT might be associated with higher serum gamma-tocopherol levels. There was a non-significant association between CIMT and RBC n-3 PUFA or the ratio of n-3 to n-6 PUFA.
Materials and Methods

Study Population
Study participants were enrolled as part of the Canadian HIV-Vascular Study, which was a 5-year multi-center cohort study that has been previously published [30] . The population consisted of adults diagnosed with HIV, aged 35 years or older, presenting for routine clinical visits at one of five participating HIV clinics. They were enrolled regardless of cardiovascular risk factors or past cardiovascular disease and were followed yearly. For the cross-sectional study (A), a subset of patients consented to provide additional blood samples for the assessment of antioxidant micronutrients and oxidative stress marker (MDA) in addition to their baseline bloodwork and CIMT. For the prospective cohort study (B), another subset of patients consented to provide additional blood for the measurement of the RBC n-3 PUFA at baseline in addition to having their CIMT assessed at baseline and at 2 years. All subjects gave their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of University Health Network (08-0464).
Clinical and Demographic Data
At each clinic visit, a detailed questionnaire collected information on sex, age, smoking status, use and duration of HIV medication, nadir and current CD4 cell count, and viral load. Clinical measurements were taken and included blood pressure, height, weight, and waist circumference.
Laboratory Analyses
At baseline, fasting blood was taken to measure total-, high-density lipoprotein (HDL)-, and low-density lipoprotein (LDL)-cholesterol, triglycerides, glucose, and CD4-T-lymphocyte cell count. In addition, plasma was collected at baseline and red blood cells (RBC) were collected at every clinical visit in ethylenediaminetetraacetic acid (EDTA) containing tubes and stored at −80 • C until analysis. RBC was used to measure n-3 PUFA status, and plasma was used to assess antioxidant micronutrients and oxidative stress.
For oxidative stress, MDA TBARS was analyzed by HPLC using a commercially available kit (Chromsystems Instruments and Chemicals GmbH, Munich, Germany). In addition, plasma antioxidant vitamins C, E, and retinol were measured. For vitamin C, plasma was stabilized with 100 g/L metaphosphoric acid (1:1) and analyzed by spectrophotometry [31] . Alpha-and gamma-tocopherol [32] (vitamin E) and retinol [33] were analyzed by HPLC and fluorescence spectrophotometry.
For the PUFA study, total lipids were extracted from RBC and transmethylated [34] . Fatty acid methyl esters were measured in RBC using a gas chromatograph equipped with a flame ionization detector and a 100 mm × 0.25 mm SP2560 fused silica column [35] . The n-3 index was calculated as EPA + DHA (in % of total fatty acids) [36] .
Carotid Intima-Media Thickness
Subjects had their CIMT measured by high-resolution carotid artery ultrasounds. CIMT was assessed by calculating the mean of 12 CIMT measurements, located 1 and 2 cm above the carotid bifurcation, and 1 cm below, as previously described [11, 37] . The images were videotaped and analyzed by computer-assisted software at the Hamilton General Site, Hamilton Health Sciences. This is a standardized technique, which has been validated in clinical trials, demonstrating high inter-and intra-observer reliability [37] .
Statistics
Statistical calculations were performed by using SAS 9.3 software. Measured parameters were compared between groups using a paired t-test and Kruskal-Wallis test, followed by Wilcoxon ranked sum or chi-square and Fisher's exact test, as necessary. For the multivariate analysis, CIMT was log (log 10 ) transformed and all other data were presented as non-transformed, and multiple regression was used. Results were considered statistically significant at a p-value of less than 0.05. The demographic and clinical data of the 91 PLWH participating in the study are shown in Table 1 . Of the participants, 83.5% were male with a mean age of 47.8 years and a mean CIMT score of 0.09 (±0.03) cm (subclinical atherosclerosis defined as CIMT ≥ 0.9 mm [38] ). Antioxidant micronutrient levels are reported in Table 1 , where we also provide normal ranges found in healthy humans from our previous studies. Overall, PLWH had overall normal vitamin C concentrations, slightly lower retinol concentration, and higher alpha-and gamma-tocopherol concentrations. Correlations between CIMT score and plasma antioxidant micronutrients or MDA were performed ( Table 2) . As a marker of oxidative stress, MDA did not correlate with CIMT (p = 0.587). As antioxidants, both gamma-and alpha-tocopherol were significantly positively correlated with CIMT measurements, whereas the other antioxidants were not. Table 2 . Correlation between CIMT and antioxidants.
Results
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We then assessed subjects' clinical characteristics according to alpha-and gamma-tocopherol tertiles (Table 3) . Patients in the top third of alpha-tocopherol concentration were more likely to have a higher CIMT measurement (p = 0.022), higher ART use (p = 0.009), higher CD4 cell count (p = 0.046), and increased presence of plaque (p = 0.008). Patients with the top third of gamma-tocopherol concentrations followed a similar pattern, though this did not reach statistical significance. In a multivariate model of CIMT, clinical variables were adjusted using linear regression and included age, sex, systolic blood pressure, and the use of ART and lipid lowering medication. We found that age and systolic blood pressure were significantly associated with CIMT, while gamma-tocopherol was close to significance (Table 4) . 
Study B: Prospective Cohort Study Assessing the Relationship between RBC n-3 PUFA and CIMT
The demographic and clinical data of the 69 PLWH with PUFA measurements are shown in Table 5 . Of the participants, 83.3% were male with a mean age of 49.1 years and a mean CIMT score of 0.08 (± 0.02) cm (subclinical atherosclerosis defined as CIMT 0.9 mm [38] ). Overall, based on values from healthy controls in previous studies, PLWH had generally lower mean % linoleic, alpha-linolenic, eicosapentaenoic, and total n-3 acids, but higher docosahexaenoic and arachidonic acids [40, 41] . Initially, correlations between CIMT score and baseline RBC PUFA were performed (Table 6 ). Only DHA and DHA/arachidonic acid (AA) ratio were significantly and negatively correlated with CIMT, whereas correlations with other PUFA were not significant. We then looked at tertiles of DHA, as well as the association of DHA with CIMT, using a multivariate analysis, but found no statistically significant association (data not shown). We also investigated if the significant increase in CIMT measurement (p < 0.0001) between baseline (0.08 cm (± 0.02)) and 2 years after baseline (0.09 cm (± 0.02)) was associated with baseline RBC PUFA, however, no statistically significant associations were found (data not shown).
Discussion
Results suggest a potential association between high plasma gamma-tocopherol level and higher CIMT, but failed to detect any statistically significant independent relationships between CIMT and other antioxidant micronutrients, oxidative stress marker (MDA), or any RBC PUFA. In the prospective study, although there was an inverse relationship between DHA and CIMT at baseline, no association was found at baseline and 2 years after baseline when using multivariate analyses.
Very few studies have investigated the association between serum antioxidant micronutrients, RBC PUFA, and CVD in PLWH. Micronutrient deficiencies are a concern in PLWH, as these deficiencies can cause accelerated disease progression and greater risk of treatment failure by impairing the immune system [19] . For example, vitamin C deficiency depresses the cell-mediated immune response and reduces the lymphocyte response, and vitamin E deficiency impairs lymphocyte proliferation and T-cell mediated function [42] . However, in our population sample, the antioxidant micronutrients were not within deficiency levels based on levels reported in our previous studies in healthy humans (29, 35) and our findings showed that high plasma levels of alpha-and gamma-tocopherol, not low levels, were associated with higher CIMT. Similar findings were reported in another cross-sectional study investigating alpha-tocopherol and other micronutrient concentrations in 298 PLWH [43] . The authors reported that the highest tertile of serum alpha-tocopherol concentration was associated with a higher CIMT score [43] . In addition, they found that no other micronutrients (serum selenium, zinc, and vitamin A) were associated with markers of atherosclerosis [43] .
Studies investigating the use of vitamin E and risk of CVD in the general population are conflicting. On one hand, gamma-tocopherol increases the activity of nitric oxide synthase, which produces nitric oxide, known to relax vessels and improve cardiovascular health [44] with some observational studies showing that elevated vitamin E serum concentrations might be associated with a reduced risk of CVD [45, 46] . On the other hand, other studies have shown that vitamin E supplementation provides no cardiovascular benefit, and in some cases may even causes harm [47] . A meta-analysis of randomized controlled trials found that high dosage vitamin E supplementation may increase all-cause mortality, specifically dosages greater than 150 IU/d [48] . One possible reason why vitamin E increases CVD risk could be its inhibiting effect on cytosolic glutathione S-transferases, which helps to detoxify drugs and endogenous toxins [49] . Therefore, the benefits of vitamin E are controversial and might differ depending on studied populations. Based on our results, PLWH may not benefit from vitamin E supplementation considering its association with elevated CIMT. However, there may be other confounders, such as drug effect, since those in the higher third of plasma alpha-and gamma-tocopherol were also higher users of ART, which can also be associated with atherosclerosis. Despite this, considering the body of literature on vitamin E and CVD, caution is required when considering vitamin E supplementation.
Very few studies have investigated the role of n-3 PUFA in PLWH. n-3 PUFA, or fish oil, supplementation has been shown to be beneficial in general for people with hypertriglyceridemia [50] as well as PLWH [51, 52] . In the present study, we found that DHA and the ratio of DHA/AA were negatively correlated with baseline CIMT score. High intake of n-3 PUFA has been associated with reduced CVD mortality in the general population [53, 54] and has been found to inhibit pro-inflammatory pathways [55] . However, a randomized placebo-controlled study found that in HIV infected men on ART with moderate CVD risk, supplementation with n-3 PUFA did not improve endothelial function or endothelial activation (based on soluble vascular cell adhesion molecule-1 and soluble intercellular adhesion molecule-1). On the other hand, inflammation-specifically soluble tumor necrosis factor receptor 1-tended to improve [56] . A more recent randomized, double blind, parallel, controlled clinical trial also investigated the supplementation of n-3 PUFA and oxidative stress in PLWH, but no differences between the n-3 PUFA and the placebo group were reported [51] . However, the same study found that n-3 PUFA supplementation did significantly decrease triglycerides [51] , which has also been found in other studies [27, 57] . In a population-based study investigating the association of DHA and CIMT, it was found that DHA had a significant inverse association with CIMT [58] , similar to our results at baseline. Additionally, a cross-sectional study investigated the adherence to a Mediterranean diet and the risk of subclinical atherosclerosis (defined as CIMT ≥ 0.9 mm or ≥1 carotid plaque) in PLWH and found that lower adherence to the Mediterranean diet was associated with subclinical atherosclerosis [59] . Though these results suggest that the Mediterranean diet, which is high in n-3 PUFA, is beneficial for protecting against atherosclerosis, they did not measure n-3 PUFA in the RBC. The ratios of n-3 to n-6 have been reported to affect the progression and regression of atherosclerosis [60] . One study found that DHA/AA ratio was negatively correlated with change in plaque volume in statin treated patients with coronary artery disease [61] . Furthermore, another study found that male patients with a low DHA/AA ratio had a higher risk of acute coronary syndrome compared with those with a high ratio [60] . Overall, most of the studies investigating PUFA in PLWH have focused on the effects of supplementation on triacylglycerol [24] [25] [26] [27] . Our study is unique, as it measures the PUFA in the RBC, as well as CIMT as a marker for atherosclerosis, which also detects subclinical atherosclerosis.
These studies have limitations-both are observational, therefore, associations are not proof of causality. Analyses were performed in a subset of patients participating in a larger cohort that required multiple measurements; this limited our sample size, as not all subjects agreed to participate in our studies. Evaluation of RBC PUFA at the 2-year follow-up was not possible because of the demands of the larger cohort study-RBC PUFA may have changed over time because of variations in diet. This may have affected CIMT at the 2-year follow-up and contributed to the lack of significant association between DHA and CIMT at the 2-year follow-up.
Conclusions
In conclusion, there is a potential positive association between CIMT and serum gamma-tocopherol in PLWH. Therefore, caution is required when considering vitamin E supplementation. Although an inverse relationship between DHA and CIMT was found at baseline, there was a non-significant association between CIMT and RBC n-3 PUFA when using multivariate analysis. Further studies should investigate longitudinally the role of antioxidant micronutrients and PUFA supplementation on CIMT and CVD. 
